Abstract. We present the results of eight-color CCD photometry of 674 stars in the direction of the open cluster Tombaugh 5 in Camelopardalis. The stars are observed in the Vilnius system supplemented by the broad-band I filter; the field is of 22 ′ diameter, the limiting magnitude is V = 17.7 mag. The catalog contains the coordinates, V magnitudes, seven color indices, two-dimensional spectral types determined from photometric parameters, interstellar extinctions and distances. The color-magnitude diagram plotted for 480 individually dereddened stars is used to identify cluster members and to determine the distance (1.74 kpc) and age (200-250 Myr) of the cluster. The faintest cluster stars classified are of spectral class G0. The cluster contains two blue stragglers of spectral classes B2-B4, both of them seem to be visual binaries. The extinction A V for the cluster stars is non-uniform, being spread between 2 and 3 mag, with a mean value of 2.42 mag. The extinction vs. distance dependence can be modeled by the Parenago exponential curve with two dust concentrations in the Camelopardalis dark clouds at about 150 pc and the Cam OB1 association clouds at 0.9-1.0 kpc.
INTRODUCTION
Several years ago we started a program of multicolor photometry of open clusters and star-forming regions applying a CCD version of the Vilnius seven-color system, supplemented with the broad I passband. Observational data were obtained with the Ritchey telescope of the U.S. Naval Observatory at Flagstaff. The following objects were investigated: open clusters M 67 (Laugalys et al. 2004 ), NGC 6997 (Laugalys et al. 2006a ), Collinder 428 (Laugalys et al. 2007 ) and IC 361 (Zdanavičius et al. 2010) , and four areas in the dark cloud LDN 935 at the North America and Pelican nebulae (Laugalys et al. 2006b ). The present paper gives the results of photometry and classification of stars in the direction of a little investigated open cluster Tombaugh 5 in Camelopardalis (RA = 3 h 47.8 m , DEC = +59
• 03.22 ′ , ℓ = 143.94
• , b = 3.58
• ; the coordinates are from Lata et al. 2004 ). The cluster was discovered by Tombaugh (1941) who described it as a large and easily seen. Tombaugh counted in the cluster about 80 stars between magnitudes 14 and 16. The color-magnitude diagram of the cluster was first plotted by Reddish (1954) in a photographic version of the B,V system, down to a limiting V magnitude of about 15. The diagram was found to be similar to that of the Praesepe cluster, with a few yellow giants. The estimates of the extinction and distance, A V = 1.05 mag and d = 1.8 kpc, were based on magnitudes and colors of the yellow giants. Lata et al. (2004) obtained much deeper CCD photometry of the cluster in the UBVRI system and plotted its color-magnitude diagram down to V ≈ 21 mag. Since there was no possibility to identify cluster members, the diagram is contaminated by field stars. For the identification of cluster members, only the radial distance from the center was used. By comparing with the isochrones from Girardi et al. (2002) , the following parameters of the cluster were obtained: E B−V = 0.80 mag, d = 1.75 kpc and the age 200 Myr.
Another deep (down to V = 19 mag) photometric investigation of Tombaugh 5 was done by Maciejewski & Niedzielski (2007) in the BV system. They redetermined the coordinates of the cluster center and, from the radial density profile, estimated the limiting radius (11.8 ′ ). The color-magnitude diagram of the cluster was decontaminated from field stars statistically by comparing with an area outside the cluster. By comparison with the isochrones from Bertelli et al. (1994) , the following parameters of the cluster were obtained: E B−V = 0.80 mag, d = 1.33 kpc and the age 251 Myr. Majaess et al. (2008) investigated the cluster using the J,H,K s data from the 2MASS survey. By fitting the isochrones from Bonatto et al. (2004) they obtained E J−H = 0.22 mag (or E B−V = 0.81), d = 1.66 kpc and the age 224 × 10 6 yr. The cepheid GSC 03729-01127 was found to be a probable member of Tombaugh 5. However, it is located at 21.9 ′ from the center, i.e., in the corona of the cluster. The paper also provides a table of six likely evolved B-type members of the cluster. However, all the quoted investigations of the cluster suffer from contamination by field stars. In the present paper, we investigate the cluster in the seven-color Vilnius photometric system supplemented by the broad-band I magnitude. This system allows us to determine spectral and luminosity classes and interstellar reddening for all stars down to V = 17.2 mag. This makes it possible to plot the intrinsic color-magnitude diagram and to estimate membership of stars in the cluster individually. In this way, we can obtain more confident estimates of the distance and age. Figure 1 gives the location of Tombaugh 5 in the Galactic coordinates with respect to the dust clouds from the Dobashi et al. (2005) atlas and other surrounding objects. In Figure 2 we present a map of the investigated area, based on a copy from the DSS2 Red survey.
In Section 2 we describe observations in the field of Tombaugh 5 and data reductions. The results of photometry and classification of stars are provided in Section 3. In Section 4 we investigate the interstellar extinction in the area. In Section 5 we identify cluster members and determine the cluster parameters. Section 6 gives a summary of the results. • × 12 • area. The chart is based on the Dobashi et al. (2005) atlas of dark clouds (TGU numbers) and shows the positions of the nebulae vdB 14 and vdB 15 , the open clusters King 6, NGC 1502, IC 361, NGC 1444 and NGC 1496, the association Cam OB3, the dark clouds TGU 937, TGU 942 and TGU 994, and the high-mass YSO AFGL 490. BA 14 is the area investigated by Zdanavičius et al. (2005a,b) .
OBSERVATIONS AND REDUCTIONS
The cluster area was observed in seven filters of the Vilnius photometric system U,P,X,Y,Z, V and S, supplemented by the broad-band I filter, in December of 1999 with a 2K×2K CCD camera on the 1 m Ritchey telescope at the USNO Flagstaff Station (Arizona), which gives the 22 ′ diameter field ( Figure 2 ). The list of exposures is given in Table 1 . The mean wavelengths of the response functions are listed in Column 2. Processing of the CCD frames was done with the IRAF 2 data reduction software using the point spread function (PSF) method. Flat-field corrections were obtained from the twilight and dome exposures. On each frame, up to 100 uncrowded stars were selected by multi-aperture photometry to obtain the best fit parameters of the PSF profile. Then this PSF was fitted to all stars in the corresponding frames. The equations for the transformation of instrumental magnitudes and color indices to the standard Vilnius system were taken from Zdanavičius et al. (2010) . For fixing zero-points of magnitudes and color indices, photoelectric data of nine stars from Zdanavičius & Zdanavičius (2002a) were used. By definition, all color indices of the Vilnius system are normalized to zero for unreddened O-type stars. The transformation equation from the instrumental to the standard I magnitude was determined using 557 stars common to our catalog and the IPHAS survey (Drew et al. 2005) . The normalization of V -I is the same as of the Vilnius color indices. Figure 3 shows the distribution of the measured stars in V magnitude. Table 2 gives the magnitude-dependence of the mean rms errors in the V magnitude and color indices. The single-measurement errors of V magnitudes for individual stars are shown in Figure 4 .
THE CATALOG OF PHOTOMETRIC DATA AND SPECTRAL TYPES
In Table 3 we give the catalog of V magnitudes and color indices in the Vilnius system, and V -I color indices, for 674 stars down to V ∼ 17.7 mag. Only the stars having X, Y , Z and V magnitudes measured are included. A colon following the magnitude or color index indicates that its rms error is larger than 0.05 mag.
The catalog also contains two-dimensional spectral types (spectral and luminosity classes) for about 480 stars down to V = 17.2 mag, determined by photometric methods. For the photometric classification, a few different codes described by Zdanavičius et al. (2010) were used. For the calculation of reddening-free Qparameters, the normal interstellar reddening law was used. In the absence of color indices containing the ultraviolet U and P magnitudes, the accuracy of luminosity class determination for B to early G subclasses is too low, therefore for such stars only one-dimensional spectral classes are given. A few tens of stars were suspected to be Am or Ap stars, subdwarfs (sd) or metal-deficient giants (mdg). Some stars can belong to unrecognized types or unresolved binaries, since for them we could not find close photometric analogues among about 13 000 stars in the comparison catalog. For the classification of some stars, additional information from the J-H vs. H-K s diagram of 2MASS (Skrutskie et al. 2006 ) was important. In Table 3 , spectral classes are given in the lower-case letters to indicate that they are determined from multicolor photometric data.
For the bright stars of the area (V ∼ 9-12, measured by Zdanavičius & Zdanavičius (2002a in Simbad) photoelectrically, Table 3 lists their magnitudes and colors from CCD measurements. The star [ZZ2002] 205 (B8.5 V:) with asymmetric image (possible VB) was not included. The star [ZZ2002] 200 = HDE 237180 = WDS 03480+5857 (K giant) in the catalog [ZZ2002] has correct photometry but wrong coordinates; it is also absent in Table 3 .
INTERSTELLAR EXTINCTION
The derived spectral and luminosity classes for the stars were used to determine their intrinsic color indices; the calibrations were taken from Straižys (1992) . Then, interstellar reddenings (color excesses), interstellar extinctions A V and distances d to the stars were calculated (for more details see Zdanavičius et al. 2009) . The values of A V and d are given in Table 3 . Typical errors of A V , arising from the observational errors of color indices, are ± 0.1 mag. Typical errors of distances d are between 0.8 d and 1.26 d, corresponding to the error in absolute magnitude ∆M V = ± 0.5 mag. The unresolved and unrecognized in the classification process main-sequence binaries have negative distance errors from zero (if the secondary is much fainter) up to 0.71 d (if both components are identical).
The plot of the extinction vs. distance for the whole field is shown in Figure 5 . The lower broken curve shows the run of extinction according to the exponential Parenago (1945) law, accepting the extinction in the Galactic plane a 0 = 1.25 mag/kpc. The Parenago curve corresponds to the diffuse component of interstellar dust, and we expect it should coincide with the lower envelope of the distribution of reddened stars. However, most of the stars between 200-700 pc lie above the curve; this can be explained by a sudden rise in extinction up to A V = 0.7 mag in the Gould Belt Camelopardalis clouds, discovered and investigated in our earlier papers (Zdanavičius et al. 1996 (Zdanavičius et al. , 2001 (Zdanavičius et al. , 2002a (Zdanavičius et al. ,b, 2005a and located at about 140 pc from the Sun. Probably, these clouds are the extension of the Taurus clouds to the opposite side of the Galactic equator. The second jump in extinction, of about 2 mag, is seen at 900 pc, and it can be related to the dust layer, which includes the Cam OB1 association (Straižys & Laugalys 2007a ,b, 2008 . At distances d > 1 kpc, the extinction does not increase but remains uneven, with the scatter in A V between 2 and 4 mag.
The broken curve in the upper right part of Figure 5 corresponds to the limiting magnitude V = 17.2 and the absolute magnitude of A0 V stars, M V = 1.0. Above this curve, stars with large extinctions are not present due to the limiting magnitude of our catalog.
The Tombaugh 5 area is at an angular distance of only ∼ 2 • from the Cam OB3 area investigated by Zdanavičius et al. (2005b) and of ∼ 4
• from the cluster IC 361 area investigated by Zdanavičius et al. (2010) . The extinction vs. distance plots in the Cam OB3 and Tombaugh 5 directions show an evident similarity. However, the extinction in the Tombaugh 5 area reaches larger values, what can be related to a fainter limiting magnitude. The Tombaugh 5 area exhibits also a higher density of 100 µm dust emission (Schlegel et al. 1998 ) and CO molecules (Dame et al. 2001) . The atlas of dark clouds by Dobashi et al. (2005) also shows a larger extinction in the vicinity of Tombaugh 5 (see Figure 1) . The cluster IC 361 is at higher Galactic latitude (b = +5.7), and the extinction in this direction is lower -at d > 2 kpc it reaches 2-2.5 mag. However, even in the IC 361 area, a jump of the extinction of about 1 mag at d < 200 pc seems to be present. 
PARAMETERS OF TOMBAUGH 5
In Figure 6 we present the plot V vs. Y -V for all 674 stars in the area taking the magnitudes V and color indices Y -V from Table 3 . These stars are affected by different amounts of extinction and reddening. In Figure 7 we plot the intrinsic diagram V 0 vs. (Y -V ) 0 for the 480 stars for which spectral and luminosity classes have been determined. Magnitudes and color indices for each of these stars are corrected subtracting their individual extinctions and reddenings:
It is obvious that the intrinsic color-magnitude diagram is much more relevant for determining the distance and age of the cluster since it is free of the effect of differential extinction and reddening among the cluster members. In Figure 7 , stars are plotted by four different symbols: dots designate the selected cluster members, open circles designate possible members, crosses designate non-members and star-like symbols denote seven red giants, possible cluster members. The cluster membership was determined in the following way.
1. In the V 0 vs. (Y -V ) 0 diagram, the isochrones of solar metallicity and different ages, calculated by Bressan & Tautvaišienė (1996) , were fitted to the lower envelope of the main sequence in the color range (Y -V ) 0 = 0.2-0.4, where the main sequence of the cluster is most distinct. We accepted for the cluster a solar metallicity, since analogues of the potential cluster members in the F-G spectral range, found from photometric classification, all were of solar composition. The isochrones for 200 and 250 Myr, shown in Figure 7 , fit the observed cluster sequence best. Well matched are not only B-type stars on the deviating main sequence but also the positions of seven G-K giants.
2. The next step consisted in selecting stars which lie within a typical width of the main sequence up to 1 mag above ZAMS (see Meynet et al. 1993 ). Among stars with upward deviations from the ZAMS, unresolved binaries composed from main-sequence stars should constitute a significant fraction. If both components are of the same spectral type, the binary system is brightened by 0.75 mag. Some stars, lying below the ZAMS, were also assumed to be the cluster members, taking into account their photometric errors and cosmic dispersion around the ZAMS. The location of the selected stars in the diagrams X 0 vs. (X-S) 0 and S 0 vs. (V -S) 0 was also checked. Some stars, deviating from the main-sequence belt too much, were attributed to possible members.
3. The selected stars were then examined to see if their positions in the A V vs. d diagram do not deviate more than the distance error box (between 0.8d and 1.26d; this corresponds to 1.39 kpc and 2.19 kpc). Since in the direction of the cluster the extinction is non-uniform, the expected A V range for the cluster members is between 2.1 and 3.0 mag. The stars surrounding the clump of cluster members and spanning the distance range 1.2 to 2.7 kpc and the extinction range 2.0 to 3.2 mag were accepted as possible members. Figure 8 shows the surface distribution of the selected 130 cluster members, 85 possible members and 290 non-members in the RA vs. DEC plane. The investigated area is outlined by a circle. As it was expected, the selected members exhibit a concentration toward the cluster center. The non-members in panel (c) also show the crowding in some directions, which can be due to the differences in extinction.
The ZAMS and the two isochrones fit to the lower envelope of the cluster members yields its distance modulus V -M V = 11.2 mag, or d = 1.74 kpc. This distance is in agreement with the largest concentration of stars in the A V vs. d plot ( Figure 5 ). As pointed out above, the age of the cluster is between 200 and 250 Myr. It is difficult to assign a single value of the age since the observed sequence and the theoretical isochrones have a somewhat different form in the turn-off region. Figure 7 shows that two B-type stars of early subclasses, Nos. 277 and 324 in Table 3 , lie close to the ZAMS, but well above the turn-off point of the cluster stars. Both stars are located at the cluster center. The star No. 324 is known as an emission-line OB star (Stephenson & Sanduleak 1977; Coyne & MacConnell 1983; Kohoutek & Wehmeyer 1997) . McCuskey (1956) gave its spectral class B3. Its images in DSS2 Red and IR are slightly asymmetric, i.e., the star can be a visual binary. The star No. 277 is located only at 2 ′ from No. 324 and is known as binary WDS 03477+5907, with a separation of about 4.5 ′′ and ∆m = 1.6. According to McCuskey (1956) , its spectral class is B3 (see also the note at the end of Table 3 ). In Table 3 both components are given separately (Nos. 277 and 281).
Our photometric classification gives B4 III-IV for the star No. 277 and B2 IV-V for the star No. 324. If both stars are at the distance of Tombaugh 5, they should be blue stragglers. Their evolutionary status could be explained by a recently repeated cycle of massive star formation. However, the cluster does not exhibit remains of gas and dust which could be still present in the central region of the cluster. Thus, a possible scenario of interacting binaries with mass transfer between the components seems to be more appropriate.
The seven G-K giants, lying close to the two isochrones, also deserve a special discussion. Their numbers in Table 3 are 192, 221, 300, 318, 509, 571 and 643, in Figures 7 and 8 they are plotted by star-like symbols. These stars can be cluster members in the hydrogen-and helium-burning stages. The first three are located within 4 ′ from the cluster center. If these seven stars are cluster members, their M V should be from -0.4 to -1.5 mag, i.e., they should be absolutely brighter than giants in the solar vicinity. This is partly confirmed by our photometric classification, but its accuracy is relatively low since G-K stars of luminosity classes II and II-III are not sufficiently represented in our catalog of comparison stars. Due to this ambiguity in luminosity classes, in Table 3 we do not give for these stars their distances. However, their intrinsic color indices do not depend strongly on luminosity, hence their color excesses and extinctions A V should be reliable. In any case, these G-K giants should be considered only as possible cluster members until their membership status is verified by other methods. Table 3 also contains two stars of spectral classes K5 III and M0 III (Nos. 378 and 674), which in Figure 7 lie close to the isochrones representing the asymptotic giant branch. If these two stars are the cluster members, their M V should be -2.7 and -2.9, or luminosity class II. However, our photometric classification gives luminosity classes III, and this can be an argument that these two stars are field giants.
CONCLUSIONS
Using eight-color CCD photometry in the direction of the open cluster Tombaugh 5, we derived photometric spectral and luminosity classes for about 480 stars down to V = 17.2 mag. In the color-magnitude diagram, plotted for the intrinsic colors and magnitudes, we identified 129 members and 85 possible members of the cluster. Among the classified stars, the faintest cluster members are of spectral class G0 V. The zero-age main sequence and isochrone fit to the lower envelope of the dereddened main sequence yields a distance to the cluster of 1.74 kpc, and an age of 200-250 Myr. Both the age and the distance are in good agreement with the Lata et al. (2004) and Majaess et al. (2008) results.
The cluster may contain two blue stragglers of early B subclasses and seven G-K giants. The membership of these stars seems to be confirmed by their proper motions. The location on the ZAMS of blue stragglers may indicate a repeated star-forming cycle in the cluster. However, this is hardly possible as the cluster does not contain any observable remains of interstellar matter and is located between the Local and Perseus arms, far from the regions of recent star formation. It is more reasonable that these stars once were interacting binaries with mass transfer between the components.
The interstellar extinction A V vs. distance diagram plotted for all classified stars in the area has revealed jumps in extinction at distances of the Gould Belt dust clouds at 100-200 pc and the Cam OB1 association clouds at 0.9 kpc. The extinction in front of the cluster is likely to be non-uniform, showing the spread in A V between 2.1 and 3.0 mag, with a mean value of 2.42 mag for the cluster members. Behind the cluster the extinction ranges from 1.8 to 3.6 mag.
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Note at the proof. In April of 2011 Daniel Majaess provided us the lowresolution spectra (∼ 1Å/pixel) of four stars of the cluster, exposed with the 1.8 m telescope at DAO. Spectral classification of these stars confirms our photometric spectral types; the results are given in Notes to Table 3 No. RA (2000) DEC (2000) No. RA (2000) DEC (2000) 
